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Description 

The present invention relates to a process for preparing a halogen-containing polyether. more particu- 
larly a fluorine and/or chlorine-containing polyether. 

FR-A-1 401 154 discloses substituted oxetane polymers prepared by ring-opening polymerization in the 
presence of special initiators. 

An object of the invention is to provide a process for the production of a halogen-containing straight 
polyether. 

Further object of the invention is to provide a process for the production of a chemically and/or 
thermally stable halogen-containing polyether. 

Another object of the invention is to provide a process for the production of a halogen-containing 
polyether. 

This object is achieved by a process for preparing a halogen-containing polyether comprising repeating 
units of the formula: 

-(CH2CF2CF20)a-{CHCICF2CF20)b-(CCl2CF2CF20)c-(CHFCF2CF20)d-(CFCICF2CF20)e-(CF2CF2CF20)f- 



wherein a. b. c, d. e and f are each an integer not less than 0 and satisfy the following equations: 
2^a + b + c + d + e+fS200 and 1 ^a + c + d+f. 

comprising ring-opening polymerizing 2,2,3,3-tetrafluorooxetane in an aprotic solvent in the presence of an 
alkali metal halide or an alkali metal fluoride and an acyl fluoride, which reacts with the alkali metal fluoride 
to generate alkoxy anion, or trimethylamine as polymerization initiator to give a polyether comprising 
repeating units of the formula: 

-(CH2CF2CF2 0)a- (II) 

wherein a is the same as defined above, and optionally fluorinating and/or chlorinating the polyether (II). 
Fig. 1 is an IR spectrum of the compound obtained in Example 1 . 

Figs. 2 to 4 show the change of IR spectrum with passage of time during the reaction in Example 14. 
Fig. 5 is an IR spectrum of the compound obtained in Example 25. 
Rg. 6 is an IR spectrum of the compound obtained in Example 26, and 
Fig. 7 is an IR spectrum of the compound obtained in Example 28. 

Typically, the halogen-containing polyether which can be prepared according to the inventive process is 
a fluorine-containing polyether comprising repeating units of the formula: 

-(CHzCFsCFzOja- (II) 

wherein a is the same as defined above. 

In a pretended embodiment the inventive process is a process for preparing fluorine-containing polyether 
comprising repeating units of the formula: 

-(CH2 CF2 CF2 0)a-(CHFCF2 CF2 0)d-(CF2 CFz CF2 0)f- (111) 

wherein a, d and f satisfy the above requirements and the equation: 1 ^ d + f, 
comprising fluorinating a fluorine-containing polyether 
comprising repeating units of the formula: 

-(CH2CF2CF20)a- (II) 

wherein a is the same as defined above. 

In another preferred mbodiment the inventive process is a process for preparing a halogen-containing 
polyether of claim 1, which is a fiuorine/chlorine-containing poly th r comprising repeating units of th 
fomnula: 



-(CH2CF2CF20)a-(CHCICF2CF20)b-(CCl2CF2CF20)c-(CHFCF2CF20)d-(CFCICF2CF20)e-(CF2CF2CF20)r 
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(IV) 

wherein a. b. c, d, e and f satisfy the above requirements and the equation: 1 S b + c + e, 
comprising fluorinating and chlorinating a fluorine-containing polyether comprising repeating units of the 
5 formula: 

-(CH2CF2CF20)a- (II) 

wherein a is the same as defined above. 
10 In the formulas in the specification, the sequence of the repeating units may be random and is not 
necessarily the same as defined in the formulas. 

The fluorine-containing polyether (II) can be prepared by ring-opening polymerization of 2.2,3,3- 
tetrafluorooxetane. 

2,2,3,3-tetrafluorooxetane Is a known compound and is prepared, for example, by reacting 
75 tetrafluoroethylene and paraform in anhydrous hydrogen fluoride. 

The ring-opening polymerization is initiated by a polymerization initiator. Initiators are alkali metal halide 
or alkali metal fluoride and acyl fluoride, which reacts with the alkali metal fluoride to generate alkoxy anion, 
or trimethylamine. 

An amount of the Initiator is not critical in the present invention. Preferably, it is from 0.001 to 30 % by 
20 mole, more preferably from 0.01 to 10 % by mole, based on the amount of 2.2,3,3-tetrafluorooxetane. 

Specific examples of the alkali metal halides are potassium fluoride, potassium iodide, potassium 
bromide, cesium fluoride, etc. When the polymerization is Initiated by the alkali metal halide, generally, a 
produced compound has the formula: 

25 A-(CH2CF2CF20)a-CH2CF2COF (V) 

wherein a is the same as defined above, and A is fluorine, bromine or iodine. The compound (V) having an 
acyl fluoride end group may be converted to a corresponding acid, salt with an alkali metal, ester or amide 
by a per se conventional method such as hydrolysis, esterification, etc. 
30 When an acyl fluoride of the formula: 

RfCOF (VI) 

or 



35 



40 



45 



I ^ I ^ 

Rj'0-(CFCF20)p-CFC0F (VII) 

wherein Rf is a perfluoroalkyi group having 1 to 10 carbon atoms, R(' is a perfluoroalkyi group having 1 to 
10 carbon atoms or a group of the formula: 



0 CF-. 

/\/ ' 

CF^ CF 

I ' I 

50 CF CF- 

55 and p is an integer of 0 to 50 is added to the polymerization system in which the alkali metal fluoride is 
used as the initiator, produced is the compound (V) in which A is a group of the formula: 

R(CF20- (VIII) 



3 
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or 



R^'0-(CFCF20)p^^- (IX) 
When acyl fluoride of the formula: 

10 

FCH2CF2COF PQ 

is added to the reaction systenn in which cesiunn fluoride is used as the initiator, the same compound as 

obtained when alkali metal fluoride alone is used. This method is advantageous to produce a low molecular 
75 oligomer with controlling molecular weight distribution. 

As understood from the above, a comparatively highly volatile low molecular weight compound 

contained in a high molecular weight product is recovered by distillation and added to the subsequent 

reaction as the initiator together with alkali metal fluoride. 

Instead of using the acyl fluoride, a fluorine-containing epoxide is reacted with alkali metal fluoride to 
20 obtain an acyl fluoride, which is, in tum, reacted with 2.2,3.3-tetrafluorooxetane. For example, hex- 

afluoropropylene oxide is reacted with cesium fluoride in the aprotic solvent to obtain a compound of the 

formula: 



25 CF-, 

I ^ I ^ 

CF3CF2CF20-(CFCF20)p-CFCOF (XI) 

30 wherein p is an integer of 0 to 50. Then, 2,2.3,3-tetrafluorooxetane is added to the reaction mixture to obtain 
the same compound as obtained when the above acyl fluoride alone is used. 
Altematively, a compound of the formula: 



35 CF-. CF-. 

I ^ I ^ 

A (CH2CF2CF2O) p (CFCF2O) gCFCOF (XII) 

40 wherein A is the same as defined above, p is an integer of 2 to 200 and q is an integer of 0 to 50 is 
prepared by firstly ring-opening 2,2.3,3-tetrafluorooxetane in the presence of the alkali metal halide initiator 
or tiie initiator system of alkali metal fluoride and the acyl fluoride and then adding hexafluoropropylene 
oxide. 

As understood fi-om the above discussion, theoretically, it is possible to provide an alternative or block 
45 copolymer of 2,2,3.3-tetrafluorooxetane and an epoxide compound (eg. hexafluoropropylene oxide) which 
can be ring opening polymerized by the same initiator system. Further, when a bifunctional acyl fluoride 
(eg. oxalic fluoride) is used togetiier with alkali metal fluoride to open 2.2.3.3-tetrafluorooxetane. a 
bifunctional compound of the formula: 

50 FOCCF2CH2(OCF2CF2CH2)pOCF2CF20(CH2CF2CF20)qCH2CF2COF pcill) 

wherein p and q are each an integer of 0 to 200 is prepared. 

Generally, in the presence of alkali metal fluoride, any acyl fluoride ttiat fonms an equilibrium amount of 
fluoroalkoxy anion according the following equation: 



55 



-COF + MF*£-CF20-M* pCIV) 

can act as an initiator for ring opening polym rization of 2,2,3.3-tetrafluorooxetane and forms an end group 



4 
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of the formula: 
-CF2O- (XV) 

5 Preferred example of the Lewis acidic initiator is antimony pentafluoride. 

The reaction of the invention is usually carried out in a liquid reaction medium. When the initiator other 
than the Lewis acidic one is used, an aprotic solvent such as polyethylene' glycol dimethyl ether (eg. 
diglyme. triglyme, tetraglyme. etc.) is preferably used. In acetonitrile or glyme (CH3OCH2CH2OCH3), the 
reaction of the Invention hardly or does not proceed, but a small amount of a large cyclic polyether such as 
70 18-crown ether-6 accelerates the reaction in these solvents. Acetonitrile and glyme are preferred since they 
have low boiling points and are easily removed from the reaction mixture by distillation. 

When the Lewis acidic initiator is used sometimes, a dimer or trimer of hexafiuoropropylene is used. 
The reaction temperature varies with the kinds of the initiator and/or the solvent. Usually, it is -30 to 
+ 1 00 • C, preferably -30 to + 50 * C. 
75 The product is recovered from the reaction mixture by a per se conventional method. The solid product 
is recovered, for example, by washing the reaction mixture with water to remove the solvent and Initiator 
and filtering it. The volatile product is recovered, for example, by rectification. 

The reaction product has a structure of the formula (V) with the acyl fluoride end group having high 
reactivity, and is per se useful. In some instances, a chemically inactive compound is required. For 
20 example, when the acyl fluoride (V) is heated In the dimer or trimer of hexafiuoropropylene in the presence 
of antimony pentafluoride as a catalyst, a compound of the formula: 

A(CH2CF2CF2 0)nCH2CF3 PCVI) 

25 wherein n is a number from 2 to 200 
is obtained. 

The fluorine-containing polyether comprising the repeating units of the formula: 
-(CH2 CF2 CF2 0)a-(CHFCF2 CF2 0)d-(CF2 CF2 CF2 0),- (III) 

30 

wherein a, d and f satisfy the above requirements and the equation: 1 ^ d + f is prepared by fluorinating the 
polyether (II). 

Fluorination is carried out by reacting fluorine gas with the polyether (II) at a temperature of from 160 to 
300 'C. preferably from 180 to 250 'C. Ruorination may be carried out at a temperature lower than the 

35 above temperature range. At such low temperature, the fluorination is accelerated by ultraviolet radiation. In 
the latter reaction, hydrogen fluoride is inevitably produced. Therefore, the light source must be protected 
by a material which is resistant to hydrogen fluoride and transmits light having a wavelength of from 200 to 
400 nm, preferably from 300 to 400 nm. Thus, the fluorination with ultraviolet radiation cannot be carried out 
in a reactor having a window made of glass (eg. quartz glass) which is usually used for photoreaction, since 

40 glass is corroded by hydrogen fluoride. 

A light-transmitting material to be used in the fluorination of the invention is single crystal sapphire or a 
melt moldable transparent fluorine-containing polymer. Specific examples of such fluorine-containing poly- 
mer are tetrafluoroethylene/hexafluoropropylene copolymers, tetrafluoroethylene/perfluoropropyl vinyl ether 
copolymers, tetrafluoroethylene/ethylene copolymers, polychlorotrlfluoroethylene and polyvinylidene flu- 

45 oride. 

Since single crystal sapphire is expensive and one having a large area is hardly obtainable, the fluorine- 
containing polymer is commercially preferred. 

When the reactor is radiated by ultraviolet light from the reactor interior, a transparent glass part is 
covered with the fluorine-containing polymer. When the reactor is radiated by an outside light source, the 
50 transparent window is made of the fluorine-containing polymer film. To make the window pressure-resistant, 
the film Is laminated on a plate made of glass, for example, quartz glass. 

The reaction system may be radiated directly or through a gas phase. 

Usually, ultraviolet light has a wavelength of from 200 to 400 nm. preferably from 250 to 350 nm. 
When the fluorination Is carried out with ultraviolet radiation, the reaction temperature is not critical. 
55 However, the reaction system is heated to a temperatur at which the system is stirred to smoothly promote 
the fluorination. Thus, the reaction temperature mainly depends on the molecular weight of the polyether 
(II). Generally, as the fluorination proce ds, flow point and viscosity of th product decreas and cor- 
respondingly the reaction t mperature can be low red. Practically, the reaction temperature is from 0 to 



5 
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1 20 • C, preferably from a room temperature to 1 00 • C. 

Fluorination may be carried out by bubbling the fluorine gas in the reaction system or by iniectina the 
gas^m the gas phase. The fluorine gas may be diluted with an inactive gas (eg.Lbon 6^6^^^ 

5 The fluorination can be canied out continuously or batch wise. 
When the polyether (II) having an end group of the formula: 

-OCHzCFaCOFor-OCHzCFaCOOH pcvil) 

is fluorinated with ultraviolet radiation, and almost all hydrogen atoms are substituted by fluorine atoms a 

rr'folr"oT?P ""^Kr- "^^ ^"'""'^^ -OCF3CF.-COF and one halingTenTgroup 
of the fomiula. -OCF^CFs .s obtained. After temiinating the introduction of fluorine gas. the interior of the 

In! f w •• ^ *^ P'^'y^*'^"^ <"> "*^^'°'«« ^^diation. the polyether (III) having a 

stable end group is produced even if the polyether (II) has an unstable end group ^ 
A completely fluorinated polyether comprising repeating units of the formula: 

-CF2CF2CF2O- 



10 



IS 



20 is produced by thoroughly ftuorinating the polyether (II). When the polymer (II) is not completely fluorinated 
a mixture of a completely fluorinated one and a partly fluorinated one is produced tluonnated. 
di.«L'« '"J''"'* '° 'f ^^"^ completely fluorinated polyether from such a mixture by a conventional 

oSrtl "'""'"'•"^ =«P^^»«^ fr""* •he partly fluonnated oneTft a 

polar solvent such as acetone. When the above mixture is dissolved in the polar solvent the comp^telj 
.5 fluor^ated polyether is contained in the lower layer and easily recovered by liq'id-liquid sepaSion ' 
The fluorine/chlonne-containing polyether comprising the repeating units of the formula: 

-(CH2CF2CF20)3-(CHCICF2CF20).-(CaCF2CF20)e-(CHFCF2CF20)HCFCICF2CF20),-(C^^ . 

30 

Tnirl" ^".m ^' t ^ ^® *® '^^^"^'^ P^^P^^ by fluorinating and chlorinating the 

polyether (II) or chlorinating the polyether (III). i-murinaiing me 

Fluorination is carried out in the same manner as described above 

Chlorination is carried out by reacting chlorine gas with the polyether (II) or (III) with radiation nf 
35 i.^av.oet light having a wavelength of from 200 to 500 nm. TheVaction L^LT^Z Z Z 
molecular weight of the polyether to be chlorinated and is kept at a temperature at whichTe reason 
system can be stirred. Generally, as chlorination proceeds, the viscosity of the reation sySem dec'SeS 

« Chlorination may be carried out by bubbling the chlorine gas in the reaction system or by iniectinq the 
gas in the gas phase. The chlorine gas may be diluted with an inactive gas (eg. argon. nitrogeJ e c ) 

Any reactor that is radiated by an inside or outside light source may L used for cMorinSn As a 
transparent material, quartz or Pyrex glass are preferred cnionnation. As a 

4S the former"" °' ^"^ ' halogen-containing polyether comprising the repeating units of 

-(CHa CF2 CF2 0),-(CHCICF2 CFj 0)b-(CCl2 CFj CF2 0)c- (XVIll) 

wherein a, b and c are the same as defined above. 
50 The polyether (IV) is produced by fluorinating the polyether po/lll) 

produ'rc'i'jr" ' '^^'-■-•^^ *° 

«nn.w °* °' *® Chemically thermally stable and used in the same 

appi cations as conventional fluororesins and perfluoropolyether. For example, the poly th r having iSeXl 

Zl T P^'^"'^*'^" °' fluorin^nliningTompounS 

lur> h' f '1 ^'^^P'^' ^ Those having a st^biHz d end 

r^S^ » 1'"'^ u^^""'"' """^ f"' ^ f^^at t^^sfer m dium. lubricant plasticizer 

modrfier. etc. Thos having a large molecular weight are us d as molding materials P'^cizer. 



6 
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The present invention will be hereinafter explained further in detail by the following Examples. 
Example 1 



5 In a 200 ml glass tube equipped with a rotor flow valve, 50 ml of dry diglyme, 0.15 g of cesium fluoride 
and 50 g of 2,2.3,3-tetrafluorooxetane were charged and stirred at a room temperature for 15 hours. The 
reaction mixture was poured in 1 ,000 ml of water. A precipitated solid material was filtered off, washed with 
methanol and dried under a reduced pressure to obtain 45 g of white powder. M.P., 78 'C. Decomposing 
temperature, 316 'C. 

70 



15 



Elemental analysis: 




C 


H 


F 


Calc'd: 
Found: 


27.6 
27.7 


1.51 
1.55 


58.0 
58.4 



NMR : 6(ppm) = 4.62 (CH2 ) (Internal standard = TMS). 
5(ppm) = -7.2 (-CF2O-). -41.4 (-CH2CF2-) 
20 (External standard = TFA. The magnetic field lower than the standard is plus) 

IR spectrum of the product is shown in Fig. 1. 

From the above results, the obtained product was identified as the compound having the repeating units 
of the formula: -CH2CF2CF2O-. 

An average molecular weight of the compound was 1.5 x 10* from GPC. 

25 

Example 2 

A 1 liter flask equipped with a dry ice condenser and a dropping funnel was thoroughly replaced with 
dry nitrogen gas. Then. In the flask, 200 ml of dry diglyme and 4.2 g of cesium fluoride were charged. On 

30 an Ice bath, 166 g of perfluoro-2-propoxypropionyl fluoride was added with stirring and kept standing for 30 
minutes. Thereafter, 650 g of 2,2,3,3-tetrafluorooxetane was dropwise added over 5 hours. The ice bath was 
replaced with a water bath kept at 25* C and the reaction mixture was kept standing on it for 25 hours. The 
thus obtained homogeneous liquid was distilled under a reduced pressure to obtain 725 g of the liquid 
product at 60-200* C/1 33.3 Pa (60-200* C/1 mmHg). 

35 By GC/MS, NMR and IR analyses, the product was identified as a mixture of the compounds of the 
formula: 

C^F.OCFCF^O CH^CF.COF 
40 3 7 I 2 ^ Z Z p Z ^ 

CF3 

wherein p is an integer of 1 to 10. 

45 

Example 3 

A 300 ml flask equipped with a dry ice condenser and a dropping funnel was thoroughly replaced with 
dry nitrogen gas. Then, 50 ml of dry diglyme and 0.2 g of cesium fluoride were charged. On an ice bath, 
50 26.0 g of 2.2.3-trifluoropropionyl fluoride was added with stirring and kept standing for 30 minutes. 
Thereafter, 130 g of 2,2.3,3-tetrafluorooxetane was dropwise added over 3 hours. The ice bath was replaced 
with a water bath and the reaction mixture was kept standing on it for 12 hours. 30 g of methanol was 
dropwise added to the reaction mixture and kept standing for 30 minutes. Then, the reaction mixture was 
poured in 2 liters of water, thoroughly stirr d and separated with a separatory funn I. The lower layer (150 
55 g) was recov r d. 

The product was identified as a mixture of the compounds of the formula: 

F(CH2CF2CF20)qCH2CF2COOCH3 
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wherein q is an integer of 0 to 9. 
Example 5 



• ? t ^ °* '^'^ '^'S'^"'® and 1 .0 g of potassium fluoride were charged and on an 

ice Datti^ 130 g of 2^.3.3-tetrafluorooxetane was dropwise added with stirring and kept standing for 15 
hours The reaction mixture was. then, post treated in the same manner as in Example 1 to obtain 120 q of 
,„ *Jf P°'y":!^"^compound which was identified as the compound having the repeating units of the formula: 

10 -OH2CF2CF2O and a molecular weight of 1 .0 x 10* from GPC. 



Example 6 



In ttie same flask as used in Example 3, 50 ml of dry diglyme and 15 g of potassium Iodide were 
rs Charged Then. 32.5 g of 2,2.3.3-tetrafluorooxetane was dropwise added and kept stan^g for If hour^ 
Thereafter 10 g of methanol was added and kept standing for 30 minutes. The reaction mixture was 
fo^u^a- ""^^^^ ""^'^^ "^^^ ^ ^ "^^'^ compounds of the 



20 l(CH2CF2CF20)rCH2CF2COOCH3 

wherein r is an integer of from 0 to 5. 
Example 7 



25 



30 



35 



40 



^t«n'r fn?n T "^^^^"'PPf* 3 condenser, 50 ml of triglyme. 100 g of 2.2.3.3-tetrafluoroox- 

etene and 0.3 g of trimethylamine were charged and stirred for 20 hours on a water bath. Then the 

pofymS M.P.. 60-r ^^^^"^ ""^'^ "^'^ ^" *° ^ 9 °' 

Example 8 

In a 100 ml flask equipped with a dry ice condenser and a dropping funnel. 30 ml of dry diglyme and 
1.2 g of cesium fluoride were charged and stirred on a bath kept at -30 'C. Then. 10 g of gaseous 
perfluoropropionyi fluoride was injected and kept standing for 30 minutes. Thereafter, the temfirature of the 
bath was raised to O'C. and 50 g of 2.2.3.3-tetrafluorooxetane was dropwise added over 26 hours. Then 
he temperature of the bath was gradually raised to 20-C. The reaction mixture was stirred at the same 
temperafcire for 5 hours, poured in 50 ml of methanol, stirred and washed with a large amount of water to 
obtain 47 g of the oily product. 

By GC/MS. NMR and IR analyses, the product was identified as a mixture of the compounds of the 



formula: 

45 C3F70(CH2CF2CF20)nCH2CF2C00CH 
wherein n is an integer of 1 to 8. 
Example 9 



so 



55 



In a 30 ml flask equipped with a dry ice condenser and a dropping funnel. 10 ml of dry diglyme 1 2 q 
of cesium fluonde and 2.0 g of 2.2.3-trifluoropropionyl fluoride were charged and stirred on a water bath for 
1 hour. Then. 10 g of 2.2.3.3-tetrafluorooxetane was dropwise added over 3 hours. The water bath was 
replaced witti an ice bath and hexafluoropropylene oxide was injected at a rate of 10 ml/min. for 2 hours 
Thereafter, the r action was further continued for 5 hours. The reaction mixture was treated with methanoi 

^nl H r*^'. *° '® 3 P^"*"^" ^^'^"^ 'd«"««ed as a mixture of the 

compounds of the formula: 



8 



EP 0 148 482 B1 



10 



CF, CF-. 

I ^ I 
F (CH2CF2CF2O) ^ (CFCF^O) ^CFCC0CH3 

wherein m is an integer of 2 to 9 and n is an integer of 0 to 3. 
Example 10 

In the same manner as in Example 8 but using 10 g of perfluoroacetone in place of perfluoropropionyl 
fluoride and 2.2,3,3-tetrafiuorooxetane in an mount of 50 g. the reaction was canried out to obtain 53 g of the 
oily product, which was identified as a mixture of the compounds of the formula: 



15 (CF3)2 CF0(CH2 CF2 CF2 0)nCH2 CF2 COOCHa 
wherein n is an integer of 1 to 8. 
Example 1 1 

20 

50 g of the compound obtained in Example 2 was added to a mixture of 10 mi of hexafluoropropylene 
dimer and 1.2 g of antimony pentafluoride and heated at 50'C for 1 hours. During the reaction, the gas 
phase was monitored by IR analysis to find that absorption at 1 ,890 cm""* which is characteristic absorption 
by the -COF group disappeared. The reaction mixture was washed with hydrochloric acid, an alkaline 
25 solution and water, dried and then distilled under a reduced pressure to obtain 43.8 g of the liquid product 
at (1 00-200 • C/1 33.3 Pa) (1 00-200 * C/1 mmHg). 

The product was identified as a mixture of the compounds of the formula: 



C3F^OCFCF20 (CH^CFjCF^O) pCH2CF 
CF3 



wherein p is an integer of 1 to 10. 

35 

Example 12 



In a 100 ml steel made reactor, 3.00 g of white powdery fluorine-containing polyether of the formula: 



40 F(CH2 CF2 CF2 0)nCH2 CF2 COOH 

wherein the average of n is 25 was charged and gradually heated from 140*C to 200 'C with stirring on an 
oil bath. A gaseous mixture of fluorine and nitrogen in a volume ratio of 20 to 80 was injected in the reactor 
at a flow rate of 100 ml/min. for 3 hours. After cooling and replacing the reactor interior with nitrogen. 2.05 g 
45 of the viscous product was obtained. 

By IR and NMR analyses, the product was identified as a mixture of the compounds having repeating 
units of the formula: 

-(CH2CF2CF20)p-(CHFCF2CF20)q- 

50 

wherein the ratio of p to q is 7 to 3. 



Example 13 

55 In the same manner as in Example 12 but charging 5.20 g of the fluorine containing polyether and 
injecting the gaseous mixture of fluorine and nitrogen for 4.5 hours, the fluorination was carried out to obtain 
2.48 g of the liquid product, which was identified as a mixture of the compounds having repeating units of 
the formula: 
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70 



-(CFz CF2 CF2 0)r-(CHFCF2 CF2 0)q 
wherein the ratio of r to q is 5 to 1. 
Example 14 

F(CH2CF2CF20)„CH2CF2COOH 



20 



25 



Elemental analysis: 




C 


H 


F 


Calc'd: 
Found: 


21.7 
21.5 


0.01 
0 


68.7 
69.1 



forml:*"'' ''"'^'^ ^ ^ -"^-e of the compounds of tf,e 



35 



40 



45 



50 



F(CF2CF2CF20)nCF2CF3 

Wherein the average of n is 23. The value of n was oalculated from the integrated value of NMR analysis. 
Example 1 5 

In the same reactor as used in Example 14. 6.9 g of a mixture of the compounds of the fomiula: 
C3F^OCFCF20 (CH2CF2CF2O) „CH2CF3 

wherein the average of n is 7 and radiated by a low pressure mercury lamp (wavelenoth- 184 9 54B 1 nmx 



55 



C3F7OCFCF2O (CH2CF2CF2O) ^ (CHFCF2CF2O) j^CHFCF, 
CF, 
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wherein the average of the sum of m and n is 7 and the ratio of m to n is 1 to 4. 
Example 16 

5 In the same reactor as used in Example 14, 2.6 g of a mixture of the compounds of the formula: 

C3F7OCFCF2O (CH2CF2CF2O) ^CH^CFj 

^0 CF3 

wherein the average of n is 7 and radiated by a high pressure mercury lamp with stirring in a stream of a 
gaseous mixture of fluorine and nitrogen in a volume ratio of 20 to 80 at a flow rate of 50 ml/min. 
75 After 1 1 hours, the reactor interior was replaced with nitrogen to obtain 3.3 g of the liquid product, which 
was identified as a mixture of the compounds of the formula: 

C3F7OCFCF2O (CF2CF2CF2O) ^CF2CF3 
CF3 

wherein the average of n is 7. 

25 

Example 17 

In a 100 mi photoreactor equipped with a stainless steel condenser and having a upper window 
(diameter: 30 mm) laminated with a polychlorotrifluoroethylene (hereinafter referred to as PCTFE) film, 10.0 
30 g of the liquid compound of the formula: 

F(CH2 CF2 CF2 0)2 CH2 CF2 COF 

was charged, cooled in a water bath and then radiated by a high pressure mercury lamp with stirring in a 
35 stream of a gaseous mixture of fluorine and nitrogen in a volume ratio of 20 to 80 at a flow rate of 50 
ml/min. The condenser was cooled with dry ice. After 15 hours, the reactor was replaced with nitrogen, and 
the reaction mixture was subjected to fractional distillation to obtain 9.8 g of the compound of the formula: 

F(CF2CF2CF20)2CF2CF3. 

40 

Example 18 

In the same manner as in Example 17 but laminating the window with ethylene/letrafluoroethylene 
copolymer (hereinafter referred to as "ETFE") instead of PCTFE, fluorination was earned out to obtain the 
45 same compound in an 80 % yield. 

Example 19 

In the same manner as in Example 17 but laminating the window with polyvinylidene fluoride instead of 
50 PCTFE, fluorination was carried out to obtain the same compound in a 28 % yield. 

Example 20 

In a reactor having a window made of single crystal sapphir , 130.0 g of the polymer of the formula: 

55 

F(CH2 CF2 CF2 0)„CH2 CF2 COF 

wherein the average of n is 22 was charged and liqidized in a str am of nitrog n by circulating a heating 



11 



EPO 148 482B1 



10 



IS 



20 



25 



medium kept at 80 • C through a jacket around the reactor 

nml^nTJTT "'^^ T^^^'^ ^^'""^^ " '''9'' P^^^"^^ "'^'^^ 'aniP (wavelength- 312 5-577 

nn^) from a distance of 5 cm with stin-ing in a stream of a gaseous mixture of fluorine ^d^^froaen ln^ 

range between 100 and 120-C by controlling the temperature of the heating medium. ^ 

After 50 hours, the supply of fluorine was temiinated and only nitrogen was injected at a rate of inn 
ml/m.n. for 24 hours with radiation to obtain 158 g of the compound of the formuS: 

FCCFzCFzCFzOnCFzCFa 

which was oil at a room temperature. 

Example 2 1 

F(CH2 CF2 CF2 0)nCH2 CFj COF 

'"'?hen*'?hr^?^ °' " " ''J'' '"^ '^^"^ C « °f "*ogen on an oil bath 

Of 5 i ^ ^'"""^ ' ^'9'' P^^«5"^« mercu^lamp from a d'Lce 

StLiT 5^ f""^ ^ °' ^ 9""®°"" """^"^^ °' and nitrogen each at a flow raSTf J 

^rCh^teZr ^^hToiS^ ^ ^'9Her Lri^c";; 

r.°° ^"P*"^ °^ terminated and only nitrogen was injected for 50 hours at a 

SmuL " *° ^ ^^""^ *^-P-«'-- ' « 0* th-^ compound ofl: 

F{CF2CF2CF20)nCF2CF3 

were obtained. 

The thus produced product was rectificated under a reduced pressure of 6.,67 Pa (0 05 Torrl and i P Kn nf 
Example 22 

resuSyfRTnyNMR'' 1 ^""'^ ^''"^'^ «a"^« ^ "^at of the fresh oil The 

results of IR and NMR analysis were substantially the same as before use. 

45 Example 2 3 

In a 100 ml silica tube equipped with a rotor flow valve. 1.76 g of the polyfluoroether of the formula: 

F{CH2CF2CF20)nCH2CF3 

50 

55 -(CH2CF2CF20)x-(CHCICF2CF20V. 
Example 24 



30 



35 
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In a 100 ml silica reactor equipped with an inlet tube, 35.0 g of the polyfluoroether of the formula: 

F(CH2CF2CF20)nCH2CF3 

5 wherein the average of n is 5 was charged and radiated by a high pressure mercury lamp with injecting 
chlorine gas through the inlet tube at a rate of 50 ml/min. After 6 hours, a part of the polymer was removed 
and analyzed by GLC. IR and NMR to find that the polymer predominantly consisted of the compound of 
the formula: 

70 F(CHCICF2CF20)nCHCICF3. 

Chlorination was further continued for 14 hours under the same condition as above to obtain 52.1 g of 
the final product, which was identified as the compound of the formula: 

75 F(CCl2 CF2 CF2 0)nCCl2 CF3 

wherein the average of n is 5. 
Example 25 

20 

In a 100 ml Pyrex glass flask, 50.0 g of the white powdery polyfluoroether of the formula: 
F(CH2 CF2 CF2 0)nCH2 CF2 COOH 

25 wherein the average of n is 25 was charged and heated to a temperature range between 100 and 150*C on 
an oil bath. Then, the ether was radiated by a high pressure mercury lamp with injecting chlorine gas at a 
rate of 100 ml/min. After 1 week, the flask interior was replaced with nitrogen and cooled to obtain 75.0 g of 
the compound of the formula: 

30 F(CCl2 CF2 CF2 0)nCCl2 CF2 CI. 

IR spectrum of the compound is shown in Rg. 5. 
Example 26 

35 

In a 100 ml Pyrex glass flask equipped with a condenser and an inlet tube. 50.0 g of the liquid 
compound of the formula: 

CH2 FCF2 CF2 OCH2 CF2 CF2 OCH2 CFa 

40 

was charged and radiated with stirring by a high pressure mercury lamp with injecting chlorine gas at a rate 
of 100 ml/min. The temperature of the interior was raised to 90* C by heat generated by the lamp. After 24 
hours, the flask interior was replaced with nitrogen to obtain 72.0 g of the compound of the formula: 

45 CCI2 FCF2 CF2 OCCI2 CF2 CF2 OCCI2 CF3 . 

IR spectrum of the compound is shown in Rg. 6. 

Example 27 

50 

In the same flask as used in Example 26, 50.0 g of the polyfluoroether of the formula: 

F(CH2CF2CF20)nCH2CF3 

55 wherein the averag of n is 5 was charged. Then, chlorine gas was inject d at a rate of 50 ml/min. for 3 
hours. The chlorination rate of the product was 20 %. 10 g of the thus chlorinat d product was charged in a 
stainless steel reactor. A gaseous mixture of fluorine and nitrogen in a volume ratio of 70 to 30 was injected 
at a rate of 50 ml/min. for 12 hours to obtain the compound of the formula: 
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F(CCIxFyCF2CF20)„CaFyCF3 

^ wherein n is the sanr» as defined above and the ratio of x to y is 1 to 4. 

Example 28 

polXoL'LrSrSia^"' ^"'^^^ ^ 10 Kg of the 

10 

F{CH2CF2CF20)„CH2CF3 

F(CF2CF2CF20),-(CHFCF2CF20),CF2CF2COF 
wherein the ratio of x to y is 2 to 1 

" by a'^:rc:^CrCwSno^^^^ ' ''''' ^ '^'^ -^-ted 

Of the polyhlether of rtorlla! ' ' °' ' « """^ ^ obtain ,2.5 Kg 

F(CF2 CF2 CF2 0)k-(CCIFCF2 CFs 0),CF2 CFa COF 

25 

wherein x and y are the same as defined above 

f.uorirn":nraSX'« ^ ^^^^e 

injected at a rate 'of 2 iiterS oM2 hours ?herthe7r;or T *° "^'^ 

30 12.0 Kg of the polyether of the formula: '"P'^""" "'"^ ""^°9«" "ftain 

F{CF2 CF2 CF2 OMCCIFCFzCFz 0)yCF2 CF, 

wherein x and y are the same as defined above. 
35 IR spectrum of the product is shown in Fig. 7. 

Example 29 

- tetraZdroC'a^dt^^^^^^^^^ if ^uYo'"'"^ •^^"'"^^^ ^'^'^ ^ """^^ °' -'^o" 
with the oil obSned in Exalte 28 SeriheolLT' T ^'^^ ^ 

was found in the motor. ^ ^ P''^"'^®' ^ ^^vs. current irregularity 

The viscosity of the oil was 85 mm2s-i (csi\ fit An* r ».k!^k 



45 



50 



55 



Ciafms 



1. A process for preparing a halogen-containing polyether comprising repeating units of the ,om.u.a: 
-(CH2CF2CF20UCHCICF2CF2OMCaCF2CF2OHCHFCF2CF20,.,CFCIC^^ 

Wherein a. b. c. d. e and f are each an integer not less than 0 and satisfy the following equations: 
2Sa+b+c+d+e+f ^200and1 sa+c + d+f. 
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fluoride to generate alkoxy anion, or trim thylamine as polymerization initiator to give a polyether 
comprising repeating units of the formula: 

-(CH2CF2CF20)a- (II) 

5 

wherein a is the same as defined above, and optionally fiuorinating and/or chlorinating the polyether (II). 

2. A process according to claim 1. wherein the aprotic solvent is a polyethylene glycol dimethyl ether of 
the formula: 

10 

CH30(CH2CH20)nCH3 

wherein n is an inter of 2 to 4. 

75 3. A process according to claim 1, wherein the ring-opening polymerization is carried out in an aprotic 
solvent in the presence of 18-crown ether-6 as a polymerization accelerator. 

4. A process according to claim 3. wherein the aprotic solvent is selected from the group consisting of 
acetonitril and a polyethylene glycol dimethyl ether of the formula 

20 

CH30(CH2CH20)mCH3 

wherein m is an integer of 1 to 4. 

25 5. A process according to claim 1 , wherein the solvent is a dimer or trimer of hexafluoropropylene, when 
the initiator is antimony pentafluoride. 

6. A process for preparing the halogen-containing polyether of claim 1, which is a fluorine-containing 
polyether comprising repeating units of the formula: 

30 

-(CHg CFz CF2 0)a-{CHFCF2 CF2 0)d-(CF2 CF2 CF2 0)f- (III) 

wherein a. d and f satisfy the above requirements and the equation: 1 ^ d + f, 

comprising fiuorinating a fluorine-containing polyether comprising repeating units of the fonnula: 

35 

-(CH2CF2CF20)a- (II) 

wherein a is the same as defined above. 
40 7. A process according to claim 6, wherein the fluorination is carried out with fluorine gas. 

8. A process for preparing a halogen-containing polyether of claim 1. which is a fluorine/chlorine- 
containing polyether comprising repeating units of the formula: 

45 -(CH2CF2CF20)a-(CHCICF2CF20)b-(CCl2CF2CF20)c-(CHFCF2CF20)d-(CFCICF2CF20)e-(CF2CF2CF20),- 
(IV) 

wherein a, b, c, d, e and f satisfy the above requirements and the equation: 1 ^ b + c + e. 
comprising fiuorinating and chlorinating a fluorine-containing polyether comprising repeating units of the 
50 formula: 

-(CH2CF2CF20)a- (II) 

wherein a is the same as defined above. 

55 

9. A process according to claim 8, wherein the chlorination is carried out with chlorine gas and the 
fluorination is earn d out with fluorine gas. 
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10. A process according to claim 8. wherein the chlorination is carried out wrth radiation of light having a 
wavelength of from 200 to 500 nm. ^ ^ 

Rev ndlcations 

^" de"£lf P'^P^*'"" "-"t^"^* comprenant des unites de recurrence 

-(CH3CF2CF20),-(CHCICF2CF20),-(CCfeCF2CF20)e-(CHFCF^CF20),-(CFCICF2CFaO)e-(CFjCF2CF20),- 

Sationssliirntes''" "^'^^^ ''^signent chacun un nombre entier non inMrieur k 0 ei satisfont aux 

2Sa + b + c + d + e+fS200ef 
1 S a+c+d+f 

conrtprenant la polymerisation avec ouverture de cycle du 2.2,3.3-tetrafluorooxetanne dans un solvant 

IScurlenceTf^^^^^^ Polymerisation pour donner un poly^ther comprenant les unites de 

-(CHjCFjCFaOa- (II) 

SrilSe^r"* Pr^cedemment et eventuellement la fluoruration et/ou la chloruration 

po",y5S:f.t5S ie™" ' - ^'^^ ^'-^*^V.ipue du 

CH30(CH2CH20)„CH3 

dans laquelle n est un nombre entier de 2 & 4. 

^ ^J!^f 1- 5^'°" 'a polymerisation avec ouverture de cycle est 

^lymeris^^on. '"^''"'^ ^"^^''^ ^" qu'acceierateur de 

^mE;^«2f ..f'? !f ;"^f"^'?«°" 3. selon lequel le solvant aprotique est choisi dans le groupe 
comprenant I acetonitrile et un ether dimethylique du polygthyleneglycol de formule : 

CH30(CH2CH20)„CH3 

dans laquelle m est un nombre entier de 1 ^ 4. 

5. Un procede selon la revendication 1. selon lequel le solvant est un dimere ou un trimere de 
I hexafluoropropylene. lorsque I'Initiateur est le pentafluorure d'antimolne. 

6. Un precede de preparation du polyether contenant un halogene selon la revendication 1 qui est un 
polyether contenant du fluor comprenant les unites de recurrence de fomiule : 

-(CHz CFzCFz 0)a-{CHFCF2CF2 0)d-(CF2CF2 CFaO^ (III) 

dans laquelle a. d et f satisfont aux conditions requises precedentes et I'equation ■ 1 s d + f 

for3e " «"°^ comprenant des unites de ricurr nee de 
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-(CH2CF2CF20)a- (II) 

dans laquelle a est comme d^fini pr^c^demment. 

5 7, Un proc^d4 selon la revendication 6, selon lequel la fluoruration est conduite au moyen d fluor 
gazeux. 

a Un proc4d6 de preparation d*un polyether contenant un halogfene selon la revendication 1. qui est un 
polyether contenant du fluor/chlore comprenant des unites de recurrence de formule : 

10 

-(CH2 CF2 CF2 0)a-(CHCICF2 CF2 0)b-(CCl2 CF2 CF2 O^CHFCFa CF2 0)ci-(CFCICF2 CF2 0)e-(CF2 CF2 CF2 0)f- 
(IV) 

dans laquelle a. b, c, d. e et f satisfont aux conditions requlses pr^c^dentes et h r^quation : 1 ^ 
75 b + c + e, 

comprenant la fluoruration et la chloruration d'un polyether contenant du fluor comprenant des unites 
de recurrence de formule : 

-(CH2CF2CF20)a- (II) 

20 

dans laquelle a est comme d^fini precedemment. 

9. Un procede selon la revendication 8, selon lequel la chloruration est conduite avec du chlore gazeux et 
la fluoruration est conduite avec du fluor gazeux. 

25 

10. Un procede selon la revendication 8. selon lequel la chloruration est conduite avec irradiation de 
lumi^re ayant une longueur d'onde de 200 k 500 nm. 

PatentansprUche 

30 

1, Verfahren zum Herstellen eines halogenhaltigen Poly ethers, der sich wiederholende Einheiten der 
Formel 

-(CH2 CF2 CF2 0)a-(CHCICF2 CF2 0)b-(CCl2 CF2 CF2 0)c-(CHFCF2 CF2 0)d-(CFCICF2 CF20)e-(CF2 CF2 CF2 0)f- 

35 (I) 

in der a, b, c. d. e und f jeweils eine ganze Zahl von nicht wenlger als 0 sind und den folgenden 
Gleichungen genOgen: 

40 2 ^ a+b + c + d + e + f S 200 und 1 5 a + c + d + f 

enthSlt. umfassend Polymerisieren von 2.2,3,3-Tetrafluoroxetan unter Ringoffnung in einem aprotischen 
Losungsmittel in Anwesenheit eines Alkalimetallhalogenids Oder eines Alkali metal If luorids und eines 
Acylfluorids, das mit dem Alkali metallfluorid regiert. wobei ein Alkoxyanion gebildet wird. Oder von 
45 Trimethylamin als Polymerisationsinitiator, wobei ein Polyether erhalten wird, der wiederkehrende 
Einheiten der Formel 

-(CH2CF2CF20)a- (II) 

50 enthalt. wobei a wie zuvor angegeben definiert ist. und gewOnschtenfalls Fluorieren und/oder Chlorieren 
des Polyethers (II). 

2. Verfahren nach Anspruch 1. bei dem das aprotische Losungsmittel ein Polyethylenglykoldimethylether 
der Formel 

55 

CH30(CH2CH20)nCH3 

ist, in der n In ganze Zahl von 2 bis 4 ist. 
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3. Verfahren nach Anspruch 1. bei dem die Polymerisation unter Ringoffnung in einem aprotischen 
Losungsmrttel in Anwesenheit von 1 8-Kronenether-6 als Polymerisationsbeschleuniger durchgefuhrt 

4. Verfahren nach Anspruch 3, bei dem das aprotische Losungsmittel aus der Gruppe Acetonitril und 
Polyethylenglykoldimethylether der Formel 

CH3 0(CH2CH2 0)„CH3 

in der m eine ganze Zahl von 1 bis 4 ist, ausgewahit ist. 

5. Verfahren nach Anspruch 1. bei dem das Losungsmittel ein Dimer Oder Trimer von Hexafluorpropylen 
ist, wenn der Initiator Antimonpentafluorid ist. 

6. Verfahren zum Herstellen des halogenhaltigen Polyethers nach Anspruch 1. der ein fluorhaltiger 
Polyether ist, der sich wiederholende Einheiten der Formel: 

-(CH2 CF2 CFz 0)a-{CHFCF2 CF2 0)d-(CF2 CF2 CF2 O),- (III) 

enthalt, wobei a, d und f den zuvor genannten Bedingungen genugen und die Gleichung 1 ^ d + f 
erfullen. umfassend das Fluorieren eines fluorhaltigen Polyethers. der sich wiederholende Einheiten der 
Formel 

-(CH2CF2CF2 0)a- (II) 

in der a wie zuvor angegeben definiert ist, enthalt. 

7. Verfahren nach Anspruch 6, bei dem die Fluorierung mit Fluorgas durchgefOhrt wird. 

8. Verfahren zum Herstellen eines halogenhaltigen Polyethers nach Anspruch 1. der ein fluor-/chlorhaltiger 
Polyether ist, der sich wiederholende Einheiten der Formel enthalt: 

■(^"j^'^2CF20)3-(CHCICF2CF20)b-(CCl2CF2CF20)e-(CHFCF2CF^ 

wobei a. b, c. d. e und f den zuvor genannten Bedingungen genugen und die Gleichung 1 g b + c + e 
erfQIIen. umfassend das Fluorieren und Chlorieren eines fluorhaltigen Polyethers. der sich wiederholen- 
de Einheiten der Formel 

-(CH2CF2CF20)a- (II) 

wobei a wie zuvor angegeben definiert ist. enthalt. 

9. Verfahren nach Anspruch 8. bei dem die Chlorierung mit Chlorgas und die Fluorierung mit Ruoroas 
durchgefOhrt wird. ^ 

10. Verfahren nach Anspruch 8. bei dem die Chlorierung unter Bestrahlung mit Licht einer Weilenlanqe von 
200 bis 500 nm durchgefuhrt wird. 
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